Background {#Sec1}
==========

Lumbar tuberculosis (TB) accounts for approximately 50% of spinal TB. Since spinal TB can lead to deformity and neurological dysfunction in serious cases, surgery is necessary for these patients \[[@CR1], [@CR2]\]. Internal fixation using instrumentation is an important method of reconstructing the stability of the spine in the surgical management of spinal TB \[[@CR3], [@CR4]\]. Common internal fixation methods include long-segment fixation (involving two or more normal motor units superior to the affected vertebrae and two or more normal units inferior to it) and short-segment fixation (involving one normal motor unit superior to the affected vertebrae and one motor unit inferior to it) \[[@CR5]--[@CR7]\]. Although both long-segment and short-segment can restore the normal structure of the spine and maintain the correction effectively, the relatively long stretch of the fixed segments not only causes the normal motor units to lose motor function resulting in stiffness of the related segments, but also accelerates degeneration of adjacent segments \[[@CR8]\].

In order to solve this problem, instrumentation of the affected vertebrae was proposed, which means that complete debridement \[[@CR9]\] was performed within the affected motor units; the screws were placed into the pedicle and centrum of the affected vertebrae, the strut bone graft placed in the interval between the affected vertebrae, and decompression and deformity correction were being carried out within the interval between the affected vertebrae. The above-mentioned surgical procedure (termed affected-vertebra fixation) is performed within the affected motor units while the normal motor units are not involved, which maximally preserves motor function of the spine. However, there has been no report concerning the treatment of lumbar TB using this procedure.

A retrospective study comparing affected-vertebra fixation vs. short-segment fixation in the treatment of lumbar TB was performed with the aim to explore the feasibility of affected-vertebrae fixation and to summarize its technical points.

Methods {#Sec2}
=======

Patient data {#Sec3}
------------

The study protocol was approved by the Ethics Committee of the General Hospital of Ningxia Medical University and written informed consent was obtained from every subject. The present study included 135 patients with lumbar TB who underwent affected-vertebra fixation or short-segment fixation in our department between March 2007 and March 2013. Patients were selected if the three dimensional CT showed the upper and lower end plates of the affected vertebrae are intact, so as could provide a reliable host bed for the strut bone graft. Patients were excluded if they had severe kyphosis deformity (\> 60°) and could not be corrected by changing the patient's position using manual techniques and instrument application, the pedicle of vertebra had been invaded by TB, or the patients had severe osteoporosis.

Surgical indications were as follows: (1) patients with neurological dysfunction caused by spinal cord or cauda equina compression; (2) patients with spinal instability and kyphosis; (3) patients with a relatively large abscess, sequestrum, or prolonged healing of a sinus tract; and (4) patients cannot tolerate the pain caused by the lesions of lumbar tuberculosis. Patients were diagnosed with instability preoperatively when the patients meet one or more of these criterions: (1) the vertebral body was invaded by tuberculosis and the height of vertebral destruction was more than one third of the original vertebral body height; (2) vertebral spatial displacement \> 3 mm; (3) lumbar kyphosis angle \> 10°; (4) rotational displacement: L1,2; L2,3; L3,4 \> 15°; L4,5 \> 20°; L5, S1 \> 25°.

All patients underwent complete debridement, bone grafting and fusion, decompression, and deformity correction within the affected segments. According to the various fixation methods, patients were divided into two groups: (1) the affected-vertebrae fixation group (*n* = 71), in which internal fixation was carried out within the affected motor units; and (2) the short-segment fixation group (*n* = 64), in which the fixation included the affected vertebrae together with one normal motor unit superior to the affected vertebrae and one inferior to it. Patient demographic and baseline variables are shown in Table [1](#Tab1){ref-type="table"}.Table 1Preoperative patient characteristics in the two groupsItemsAffected-vertebrae fixation groupShort-segment fixation group*p* valuesPatients7164Gender m/f32/3931/33*p* = 0.695Age ($\documentclass[12pt]{minimal}
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In this article, the application situations of the two internal fixation methods were very similar. According to the inclusive and exclusive criteria, all cases included in this study (either of the affected-vertebrae fixation group or of the short-segment fixation group) can be treated with affected-vertebrae fixation. For patients who must undergo short-segment fixation, they were excluded according to the inclusion and exclusion criteria. Because the theory and technology of affected-vertebrae fixation were not quite developed before 2010 (during the early stage of the study), we performed short-segment fixation on some patients, even though they could have met the indications of affected-vertebrae fixation. In this article, we included these cases in short-segment fixation group as a control group to evaluate the efficacy of affected-vertebrae fixation. After we have confirmed that the affected-vertebrae fixation was a safe, effective, and feasible surgical procedure through our earlier research, the affected-vertebrae fixation was implemented more often in the latter period of the study (after 2010).

Preoperative preparation {#Sec4}
------------------------

After admission, patients were placed on strict bed rest and supportive treatment was performed. For preoperative anti-tuberculosis treatment, isoniazid (INH, H, 5 mg/kg/d), rifampicin (RFP, R, 10 mg/kg/d), pyrazinamide (PZA, Z, 20 mg/kg/d), and streptomycin (SM, S, 20 mg/kg/d) were administered for 2--4 weeks (average, 2.3 weeks). Liver function and kidney function were monitored, including liver and kidney damage being managed promptly. After the patient's general condition had improved, surgery was carried out. A feasible surgical plan was developed for each patient according to the imaging data from CT, MRI, and ultrasonography.

Surgical procedures {#Sec5}
-------------------

All patients underwent combined posterior-anterior surgery. Posterior pedicle screw fixation, deformity correction, and posterolateral bone grafting were carried out first and then complete anterior debridement, decompression, and strut bone grafting were performed.

Surgical procedure in the affected-vertebrae fixation group {#Sec6}
-----------------------------------------------------------

In affected-vertebrae fixation, after general anesthesia, the posterior midline approach was applied. The posterior structures of the affected segments (of the spine) were exposed by dissecting the erector spinae. Pedicle screws were placed into the pedicle of the affected vertebrae, and deformity correction was carried out using the patient's position, manual technique, and instrument application. The principle of affected-vertebrae fixation was as follows: routine pedicle screws were placed in the affected vertebrae if the residual heights of the affected vertebrae were more than one third after debridement; short pedicle screws 25--35 mm in length were inserted if the destruction of the affected vertebrae was severe; and residual heights of the affected vertebrae were less than one third after debridement, because routine pedicle screws could not be placed. A cross bar was used for all patients to increase stability. After internal fixation, posterolateral autogenous bone grafting and fusion was applied. The posterior incision was closed after surgery via the posterior approach. Thereafter, an anterior kidney incision or a "V" incision was made use to expose the affected vertebrae via the retroperitoneal approach, and complete debridement, autologous iliac bone grafting, and anterolateral decompression were carried out. The anterior and posterior surgeries were performed at the same time or separately according to the patient's condition (Fig. [1](#Fig1){ref-type="fig"}). In the present study, 59 out of 71 patients underwent one-stage surgery, and 12 patients underwent two-stage surgery.Fig. 1A 34-year-old female patient underwent anterior-posterior surgery and affected-vertebrae fixation. **a** The preoperative sagittal CT reconstruction image shows destruction of L3, L4, and L5 vertebrae and narrowing of the L3-L4 intervertebral space. **b** The preoperative sagittal contrast-enhanced MRI shows destruction of L3, L4, and L5 vertebrae and destruction of the L3-L4 and L4-L5 intervertebral disks. **c**, **d** One month after surgery, the anteroposterior and lateral X-ray images show that the fixation of the affected vertebrae is excellent. L3 and L4 vertebras are fixed with short pedicle screws. **e** Three months after surgery, the sagittal CT reconstruction shows that the lesion in the L3, L4, and L5 vertebrae has debrided completely, and the iliac bone grafts are firm. **f** Five years after surgery, the sagittal CT reconstruction shows that the L3--5 tuberculosis lesions are cured, and the bone graft fusion is solid

Surgical procedure in the short-segment fixation group {#Sec7}
------------------------------------------------------

The surgical approach and basic steps of short-segment fixation were the same as those of the affected-vertebrae fixation. The only difference between the two procedures involved is the placement of the pedicle screws, which were not only placed in the affected vertebrae, but also inserted in the normal motor units (superior and inferior to the affected vertebrae, one for each side) in short-segment fixation. A cross bar was also used for all patients to increase stability. However, posterolateral bone grafting and anterior strut bone grafting were the same as those of affected-vertebrae fixation (Fig. [2](#Fig2){ref-type="fig"}). In the short-segment fixation group, 45 out of 64 patients underwent one-stage surgery, and 19 patients underwent two-stage surgery.Fig. 2A 25-year-old male who underwent anterior-posterior surgery and short-segment fixation. **a** Preoperative sagittal CT reconstruction shows destruction of L2 and L3 vertebrae and narrowing of the L2-L3 intervertebral space. **b**. The preoperative sagittal contrast-enhanced MRI shows confounding signals in L2 and L3 vertebrae, destruction of the L2-L3 intervertebral space, and nerve compression. **c**, **d** Postoperative X-ray anteroposterior image shows that the strut bone is located firmly between the affected vertebrae, the short-segment fixation is excellent, and the L2 and L3 vertebrae are fixed with short pedicle screws. **e** Three months after surgery, the sagittal CT reconstruction shows that the lesion of L2 and L3 vertebrae is removed completely, and the strut bone is located firmly. **f** Five years after surgery, the sagittal CT reconstruction shows healing of L2 and L3 tuberculosis lesions and bone graft fusion

Postoperative treatment and follow-up {#Sec8}
-------------------------------------

A drainage tube was placed in the surgical wound under negative pressure, and the tube was removed when the volume of drainage was \< 20 ml per day. The patient was placed on bed rest for 2--3 weeks after surgery and then ambulating with orthosis was started. Waist flexion, overextension, lateral bending, and rotation were avoided before bone graft fusion. A 2HRZS/2-xHRZ regimen was used for chemotherapy; the duration of intensive chemotherapy was 2 months and that of consolidation chemotherapy was 2--7 months \[[@CR10], [@CR11]\]. Both the patient's follow-up and chemotherapy management were performed by a specifically assigned doctor. For the 6 months after surgery, each patient visited our hospital once every month, and from 6 months to 5 years after surgery, the patient visited the hospital once a year. Follow-up included medical history and physical exam, erythrocyte sedimentation rate (ESR), C-reactive protein level, liver function panel, renal function panel, X-rays, CT reconstruction, MRI, and ultrasonography. When these indicators normalized, the healing of the lesion was determined based on the imaging findings, and a decision regarding drug withdrawal was made.

We used the Cobb's angle to evaluate the sagittal deformity of spinal tuberculosis. The Cobb's angle was measured by drawing lines along the uppermost and lowermost endplate of the affected segment in lateral radiograph. An initial halo sign (radiolucent line around the implant \> 1 mm wide) followed by a double halo sign on later radiographs or CT scans was defined as screw loosening. Bone graft fusion was determined based on a three-dimensional CT reconstruction using the following parameters: no displacement or tilting of the bone graft, no absorption or hardening of the boundary between the bone graft and the host bed, the bone graft was in close contact with the graft bed, and there was trabecular bone formation, bone bridge connection, and reshaping in the blurred boundary. Standards used to determine the healing of spinal TB included an excellent general condition of the patient, lack of local pain or tenderness, no cold abscess or sinus formation, ESR and CRP levels which were continuously normal, and imaging which the data showed complete bone graft fusion without new TB lesions.

Statistical analysis {#Sec9}
--------------------

Statistical analysis was performed using the SPSS 22.0 (SPSS, USA) statistical software package. Differences in age, follow-up time, VAS (visual analogue scale) score, volume of blood loss, operative time, hospitalization cost, CRP, ESR, and Cobb's angle between the two groups were compared using the Student's *t* test (data conformed to normal distribution by Shapiro-Wilk test) or non-parametric test (data not conformed to normal distribution by Shapiro-Wilk test). Gender, clinical symptoms, the number of affected segments, the number of fixed segments, bone graft fusion rate, the rate of TB healing, and the incidence of complications were compared by χ^2^ test. A statistical significance level of 0.05 was adopted.

Results {#Sec10}
=======

All patients were followed up for more than 5 years. The average intraoperative blood loss of the affected-vertebrae fixation group vs. short-segment fixation group, respectively, was 726.2 ml vs. 948.5 ml (*t* = − 18.57, *p* = 0.000), average operative time was 210.4 min vs. 270.3 min (*t* = − 7.94, *p* = 0.000), and average hospitalization cost was 29,000 RMB vs. 42,000 RMB (*t* = − 2.65, *p* = 0.009) (Table [2](#Tab2){ref-type="table"}).Table 2Operative time, intraoperative blood loss, and hospitalization cost in the affected-vertebrae fixation group and short-segment fixation group ($\documentclass[12pt]{minimal}
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In the affected-vertebrae fixation group vs. short-segment fixation group, respectively, the total number of affected segments was 107 vs. 98, average number of affected segments was 1.51 vs. 1.53, total number of fixed segments was 107 vs. 226, and average number of fixed segments was 1.51 vs. 3.53 in each case. The fixed segments of the affected-vertebrae fixation group were 2.02 segments less than those of the short-segment fixation group in each case. In the affected-vertebrae fixation group vs. short-segment fixation group, respectively, the average number of degrees of Cobb's angle correction was 13.1° vs. 13.3°, while the mean correction loss was 1.9° vs. 1.4°, (*p* \> 0.05) (Table [3](#Tab3){ref-type="table"}). At the last follow-up, the TB healing rates and bone graft fusion rates were \> 98% in the two groups (Table [4](#Tab4){ref-type="table"}), and the differences were not significant. Six months after surgery, ESR and CRP were reduced to normal levels in both groups (Table [5](#Tab5){ref-type="table"}).Table 3Postoperative recovery of Cobb's angle in the affected-vertebrae fixation group and short-segment fixation group ($\documentclass[12pt]{minimal}
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In the affected-vertebrae fixation group vs. short-segment fixation group, respectively, average preoperative VAS score (visual analogue scale pain score) was 7 (range, 6--8) vs. 6.5 (range, 5--8), while the average score at the last follow-up was 1 (range, 0--2) vs. 1.5 (range, 1--3). The neural function of both groups improved significantly after surgery, and the outcomes were satisfactory (Table [6](#Tab6){ref-type="table"}). In the affected-vertebrae fixation group vs. short-segment fixation group, respectively, the preoperative JOA (JOA = Japanese Orthopedic Association) score was 14.43 vs. 14.25 (*t* = 0.520, *p* = 0.405), the postoperative JOA score was 27.93 and 27.74 (*t* = 1.086, *p* = 0.415), and the improvement rate was 92.66% vs. 91.46% (*χ*^*2*^ = 0.098, *p* = 0.754).Table 6Preoperative and postoperative ASIA grade in the affected-vertebrae fixation group and short-segment fixation groupGradesAffected-vertebrae fixation group (*n* = 71)Short-segment fixation group (*n* = 64)Before surgeryAfter surgeryBefore surgeryAfter surgeryABCDEABCDEA00B211311C523624D3623434133E28282121*ASIA grade* American Spinal Injury Association grade

No damage occurred to the spinal cord, cauda equina, nerve roots, large blood vessels, or important organs in any of these patients. In four cases, fat liquefaction occurred at the anterior incisions, which healed after 3 weeks of dressing. In two cases (one in each group) debridement was incomplete, and TB was not cured. After 2 months, a psoas muscle abscess appeared, and secondary surgery was performed. Both patients were treated successfully. In two cases (one in each group), the loosening of internal fixation occurred at 3 months and 5 months after surgery, and they quickly underwent revision surgery. In three cases (two cases in the affected-vertebrae fixation group and one case in the short-segment fixation group), the strut bone graft was tilted, and both time of immobilization and duration of anti-TB treatment were prolonged. Bone graft fusion was achieved thereafter.

Discussion {#Sec11}
==========

Lumbar TB has the highest incidence of spinal TB, and surgical intervention combined with anti-TB chemotherapy can ensure good outcomes and treat paralysis \[[@CR12]--[@CR14]\]. Internal fixation is a necessary method for reconstruction of spinal stability. At present, short- and long-segment fixations are commonly used for internal fixation during surgical treatment of spinal TB \[[@CR15], [@CR16]\]. These methods not only provide strong fixation, but also have a certain impact on the structure and motor function of the spine.

The range of movement in each normal motor unit of the lumbar spine includes 10--15°of flexion and extension, 6--8°of lateral bending, and 2°of axial rotation, while the short-segment and long-segment fixations restrict at least two normal motor units. In addition, if the range of fixation is too long, degenerative changes may easily occur in adjacent segments. Biomechanical studies and clinical observations suggest that the longer the fixed fusion segment, the greater the activity of the adjacent segments and the greater the pressure on the intervertebral disc, the more likely the chances that degeneration will occur in the adjacent segments \[[@CR17], [@CR18]\]. Affected-vertebrae fixation can carry out debridement, decompression, deformity correction, bone grafting, and internal fixation within the affected motor units without involving adjacent normal motor units, thus, maximizing the retention of spinal motion function and reducing adjacent segmental degeneration.

The results of this study show that compared with the short-segment fixation group, the affected-vertebrae group had shorter operative times, less intraoperative blood loss, and because fixation was limited to the affected motor units, as well as the average number of fixation segments being reduced by 2.02. However, there was no significant difference between the two groups with regards to the VAS score, ASIA impairment scale, ESR, CRP, lesion cure rate, bone graft healing rate, or incidence of complications. In addition, there was no significant difference between the two groups with regards to deformity correction, average postoperative correction in Cobb's angle, and loss of correction at 5 years after surgery. The degree of correction in Cobb's angle and loss of correction in the affected-vertebrae group were similar to the results of Wang et al. \[[@CR19]\] and Mukhtar et al. \[[@CR20]\], who studied long-segment vs. short-segment fixation and reported a loss of correction of \< 3°. Therefore, affected-vertebrae fixation, used in the treatment of lumbar TB, can safely and effectively reconstruct spinal stability and maintain the correction of deformity for long periods.

During an earlier study, we produced a reconstruction model with iliac strutting in the anterior and mid column, affected-vertebrae fixation in calf spine. The ranges of motion (ROM) of intact spines were tested as control. The ROM in axial compression, 1ateral bending, flexion-extension, and rotation were tested. No statistical difference of the ROM was found between affected-vertebrae fixation group and control group (*p* \> 0.05). So we concluded that with iliac strutting in the anterior and mid column, affected-vertebrae fixation can provide instant stability \[[@CR21]\]. The above-mentioned biomechanical study provides a strong theoretical basis for clinical implementation of affected-vertebrae fixation. In clinical studies, Xu et al. \[[@CR22]\] and Liu et al. \[[@CR23]\] treated thoracolumbar fractures with single-segment fixation and obtained satisfactory outcomes without complications such as internal fixation breakage or loosening. These studies provide the biomechanical and clinical bases for affected-vertebrae fixation in the treatment of spinal TB.

Although the mechanical properties of affected-vertebrae fixation are less rigid than those of short-segment fixation and long-segment fixation, we found that an appropriate technique can meet the requirement of rigid fixation. Therefore, it is very important to define strict indications for surgery. We summarized the indications and contraindications of affected-vertebrae fixation as follows. The indications of affected-vertebrae fixation are as follows: (1) the upper and lower end plates of the affected vertebrae were intact showed by preoperative computer tomography (CT) scan and three-dimensional (3D) CT imaging reconstruction, so as to provide a reliable host bed for the strut bone graft; (2) the kyphosis deformity was not serious (\< 60°) and could be corrected by changing the patient's position using manual techniques and instrument application; (3) the pedicle should be relatively intact without TB invasion. The contraindications of affected-vertebrae fixation are as follows: (1) patients with severe osteoporosis; and (2) bony-diseases cured or bony-stationary of spinal tuberculosis need to be treated with corrective osteotomy. The affected-vertebrae fixation will be implemented once the patient meets the criteria for affected-vertebrae fixation, as it is less invasive and the cost is lower. For those patients with (1) the pedicle of the affected vertebrae was invaded by TB, (2) the kyphosis deformity was serious (\> 60°), (3) severe osteoporosis, and (4) bony-diseases cured or bony-stationary of spinal tuberculosis, we will consider to give them a short-segment fixation in our clinic work now.

Affected-vertebrae fixation is one component of affected-vertebrae surgery, which requires removal of the lesion, decompression, deformity correction, bone grafting, and fixation within the affected vertebrae. The application of posterior affected-vertebrae fixation can stabilize the posterior column, but there is a relatively large bone defect in the anterior and middle columns after anterior debridement, which results in instability in the anterior and middle columns. Therefore, strut bone grafting should be carried out to support the anterior and middle columns for successful fixation of the affected vertebrae. Strut bone grafting can reduce the load of posterior fixation devices in the corresponding segments, reduce stress, and protect internal fixation devices \[[@CR24]\]. After debridement, the host bed for bone grafting should be trimmed evenly to produce an adequate condition for the survival of the bone graft. The strut bone should be placed perpendicular to the upper and lower end plates and placed as close to the center as possible to avoid loss of correction and difficulty in bone fusion due to uneven loads. Moreover, our previous biomechanical study showed that the crosslink could increase the anti-torsion ability of the screw-rod system, reduce stress on the posterior articular process, and enhance axial stability of the spine. Therefore, it should not be disregarded in the process of posterior affected-vertebrae fixation.

Conclusion {#Sec12}
==========

In conclusion, based on chemotherapy requirements and using strict surgical indications, posterior affected-vertebrae fixation (together with anterior debridement and bone grafting) is a safe, effective, and feasible surgical procedure in the treatment of lumbar TB. In addition, it is less invasive, and the cost is lower. However, the present study is a single-center study, and the sample size is relatively small. Therefore, multicenter, large-sample, prospective randomized controlled studies should be carried out in the future to improve the level of evidence-based medicine and support our findings.
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